A calix [4] arene modified at upper-rim with side-chains containing germanium was prepared with an expectation that the Lewis-acidic germanium may capture the anions so that the transport property of the calixarene may be improved. It was shown that the calixarene thus modified with germanium-containing sidc-chains as well as its precursor without germanium failed to transport cations probably because of bulky tosylate moieties in the lower rim.
INTRODUCTION
Calixarenes, especially calix [4] arencs. are some of the most thoroughly investigated hosts and their complexing capacity for cations under certain conditions has been well investigated.
1 During the course of our investigation on the synthesis, structure and properties of cyclic organogermanium compounds, we found that macrocyclic species such as 1,8-dimethyll,8-dihalo-l,8-digermacyclotetradecanes possess anion transport capability. Anion capturing capability is not necessarily restricted to organogermanium compounds. 2 Previously organosilicon or organotin compounds with a similar capability have been reported. Thus, Jung and Xia reported the anion transport property of 1,1,5,5,9,9-hexamethyl-l,5,9-trisilacyclododecans, 3 and Newcomb el al. reported a bicyelic tin compound with the same property. 4 If the two properties mentioned above, that is, the cation-capturing capability of calixarenes and anion-capturing capability of germanium moieties, are combined, we can expect that a host with a novel property may be created: i.e., (i ) it is expected that the cation-transport capability of new hosts, modified calixarenes, may be improved as compared with that of unmodified ones because not only cations but also the counteranions are captured by the transporting host; (iij amphoteric substances such as amino acids may conveniently be captured and transported by modified calixarenes.
In this paper we describe the synthesis of a calix [4] arene modified with side-chains
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RESULTS AND DISCUSSION

Synthesis
We chose tetra-/?-/-butylcalix [4] arene (1) for our starting material for obvious reasons. There are two ways for modifying ealixarenes: to modify the upper-rim or to modify the lower-rim. The former is in general more difficult since modification of the upper-rim must be preceded by the removal of /-butyl group of the starting material, while the latter is easier since the hydroxy function of 1 can conveniently be used. This difficulty tempted us to attempt to modify the upper-rim with germanium-containing side-chains.
There are several methods available to introduce germanium moiety into organic compounds. We have taken three methods into consideration. (i) Hydrogermvlation of an alkene (Eq. 1):
R-CH=CH 2 + R'R 2 R 3 Ge-H R-CH 2 -CH 2 GeR'R 2 R 3 (1) (ii) Reaction between a lithio derivative of orgauogermanium compounds and a haloalkane (Eq.
2):
Esterification of an alcohol with germanium-containing carboxylic acid or its derivative (Eq. 3).
As the carboxylic acid used in Eq. 3, we have chosen 3-germylpropionic acid since this carboxylic acid can be prepared by hydrogermylation of acrylic acid with trichlorogermane HGeClj and subsequent Grignard reaction, e. tj.
R-OH + R 1 R 2 R GeCTLCHjCOOH -» R-OCOCHoCHjGcR'R^3 + H 2 0 (3) There should be no complication involved in these reactions if a simple alkene, an alcohol or a halide is used. When bulky ealixarenes are the substrate, however, the reaction may be difficult. For instance, hydrogermylation is usually carried out without any solvent, and this reaction condition is not necessarily favorable for ealixarenes with high melting points. We took this point into consideration when we designed the target molecule and decided to modify the upper-rim of calix [4] arene by the procedure described below. In designing ealixarenes modified with germanium moiety, the following factors were taken into consideration: (i) the germanium atom which is electrophilic enough to bind anions should preferably be located apart from the main cavity of ealixarenes where cations arc trapped. (ii) the cavity composed of four benzene rings should not be fluxional for effective trapping of cations. (iii) the key precursor is easily convertible to an alkene, an alcohol or halide.
The synthetic scheme thus designed is as follows. 1 was treated with AlClj to remove the tbutyl groups to give 25,26,27,28-tetrahydroxycalix [4] arene (2). The reaction of 2 with ally I bromide to give 26,28-diallyloxy-25,27-dihydroxycalix[4)arene (3). Claisen rearrangement of 3 afforded 5,17-diallyl-25,26,27,28-tetrahydroxycalix [4] arene (4).
The hydrogermylation of 4 was attempted by using triphenylgermane and diphenylmethylgermane, to introduce a germanium without success probably because the reaction must be carried out in the solid state. 5 So we converted 4 into an alcohol 6 in the following manner. The hydroxy group of 4 was protected as tosylate, 5,17-diallyl-25,26,27,28-tetrakis-(/)-toluenesulfonyl)calix [4] arene (5). 5 was treated with 0 3 followed by NaBH 4 to give an alcohol, 5,17-bis-(2-hydroxyethyl)-25,26,27,28-tetrakis-(/?-toluenesulfonyl)calix [4] arene (6) . The reaction of 6 with 3-triethylgermylpropionyl chloride (8) prepared from 3-trichlorogermylpropionic acid afforded the desired 5,17-bis-[2-(triethylgenTiylpropionyloxy)ethyl]-25,26,27,28-tetnikis(;5-toluenesulfonyr)calix [4] arene (7 ), which is the first calixarene modified with germanium-containing side-chain.
It must be mentioned that we tried another approach to germacalixarenes. Thus, the alcohol 6 was converted to bromide (9), and an attempt was made to prepare 5,17-bis-[2-(triphenylgermyl)ethyl]-25,26,27,28-tetrakis(^-toluenesulfonyl)caIix [4] arene (1 0 j by the reaction between and 9 and triphenylgermyllithium PhjGeLi (Scheme I). This attempt was not successful either. An attempt was also made to prepare the Grignard reagent of 9 without success. 9 10 Scheme 1. Attempted Synthesis olüermaealixarene 10.
Structure of calixarenes
The calixarenes 6 and 7 are new compounds. Both compounds were correctly analyzed, and all the spectra are in a good agreement with the proposed structure. This is particularly the case with 7 where in both ] H and l3 C NMR spectra, resonances corresponding to methyl and methylene groups in the vicinities of germanium appear in higher field.
The conformational behavior of calixarenes is well investigated 1 ". In the case of calix [4] arenes, conformational change among cone, partial-cone, 1,2-altcmate and 1,4-alternate conformers have effectively been detected by the variable temperature NMR measurements of methylene protons which appear as a pair of doublets if the conformation is frozen in the cone. The methylene protons of both 6 and 7 exhibited a pair of doublets (Figure 1 ) at room temperature which indicates that the tosyl group is large enough to prohibit the inversion of calixarene ring. This was what we initially expected since the freezing of conformation in the cone would be advantageous for capturing ions by the cavity and/or upper-rim side-chains. Cation transport experiment. , 6 Cation transport properties of 6 and 7 were tested by means of the Η-tube method."·' The following salts, LiNOj, NaNOj, KNOj, RbNOj, CsNO.·,, and AgN0 3 were examined. Initially we expected that 6 can transport cations with the aid of its cavity. The truth is that 6 failed to show any cation transport property. Thus, we modified 6 to 7, expecting that the germanium introduced into the upper-rim side-chain will capture the counteranion to make 7 capable of cation transport. Contrary to our expectation, however, no cations were transported.
The reason why neither 6 nor 7 failed to transport cations can be numerous. The shape, size or polarity of the cavity might simply be unsuitable for cation capture. Rather, choice of counteranion may be important. One other possibility is the presence of bulky tosyl groups by which the size of the cavity may be reduced.
We are going to improve our attempt by removing the tosyl groups, by changing the countercation (e.g., chloride rather than nitrate) or to modify the lower-rim rather than the upper-rim. Attempts along this line are under progress in our laboratory.
EXPERIMENTAL
Infrared spectra were determined with a JASCO FT'lR-300 spectrometer. 'H NMR spectra were determined on a JEOL EX-400 spectrometer operating at 400 MHz. and the chemical shifts were reported in δ (ppm) with respect to tetramethylsilane (TMS). "C NMR spectra were determined on a JEOL EX-400 spectrometer operating at 100 MHz and the chemical shifts were reported in δ (ppm) with respect to TMS. Elemental analyses were carried oul with a Perkin-Elmer Series II CHNS/'O Elemental Analyzer or at the Microanalytieal Laboratory, Department of Chemistry, Faculty of Science, the University of Tokyo. Atomic absorption spectra were determined with the aid of a Hitachi 12-8 KM) Polarized Zeeman atomic absorption spectrometer.
Synthesis
5,1 L17,23-tetra-/>-Nbutyl-25,26,27,28-letrahydroxycalix [4] calix [4] arene (1) was prepared from p-tbutylphenol and formaldehyde in 55.6% yield by the procedure reported in the literature. 7 25,26,27,28-tetrahydroxycalix [4] arene (2): Treatment of 1 with AlCl·, gave 2 in 84.3 % yield by the procedure reported in the literature. 
5J7-diallyl-25J6.27,2H-tetrakis-(p-toluenesulfonyl)c.alLx[4]arene (5j:
For the conversion of 4 to its tosylate, and conversion of this allyl tosylate into 6, the procedure used for conversion of 5.11,17,23-tetraallyl-25,26,27,28-tetrahydroxycalix [4] arene in into its tetrakis(2-hydroxyethyl) calix [4] arene tosylate was employed. Thus, a mixture of 4 (3.62 g, 7.17 mmol), NaH (2.17 g, 90.4 mmol) and /Moluenesulfonyl chloride (8.24 g, 43.2 mmol) in THF was heated under reflux lor 2 hrs. The solvent was removed under reduced pressure, and the residue was dissolved in CHCK (100 ml), cooled in an ice bath, and treated with ice-water (200 ml). The organic layer was dried (anhydrous MgSO^) and evaporated, and the residue was (6): A solution of 3.28 g (2.93 mmol) of 5 in 60 ml of CH 2 C1 2 and 40 ml of CHjOH was cooled in a dry ice-acetone balh and treated with 0 3 until it retained a blue color (10-15 min). Nitrogen was bubbled through the solution until the blue color disappeared, and 1.14 g (30.2 mmol) of NaBH< was added. The solution was stirred at room temperature for 12 hrs, poured into H>0, and stirred for 1 hr. The product was extracted with CHClj (100 ml), which was shaken with saturated" Na 2 S 2 0.i (100 ml), water (50 ml) and saturated NaCI solution, and finally Ihe solvent was removed in vacuo. The remaining solid was purified by means of column chromatography (silica gel; CHjC'WIiexane 1:2, and the polarity of the solvent is gradually increased), and the crude solid obtained was purified by means of recrystallization from acetone:hexane to give 0.96 g of crude 6 as colorless flakes. Recrystallization from EtOH:hexane produced an analytical sample of 6; mp 262.5 -264. A CHClj solution of 6 (2.49 g; 2.21 mmol) was added dropwise to 1.28 g (5.1 mmol) of 8 in CHCI, (5 ml) under reflux in 20 min, and the relluxing was continued for another 28 hrs. Evolution of hydrogen (a) with bromotriphenylgermane: To a mixture of Li (0.016 g, 2.31 mmol) and THF (0.35 ml), there was added a THF (1.5 ml) solution of bromotriphenylgermane (0.371 g, 0.97 mmol) with stirring at room temperature, and stirring was continued for 18 hrs. A portion of THF (2 ml) was added and the mixture was transferred into another flask. To this a THF (2 ml) solution of 9 (0.57 g, 0.45 mmol) was added within 5 min, and the mixture was stirred for 5 hrs at room temperature. Saturated aqueous NH 4 CI and THF was added and the mixture was extracted with ether, dried and evaporated. The residue was chroinatographcd on silica gel(bcnzene) to give the starting material 9 (0.38 g, 67% recovery). (b) with triphenylgermane: 0.06 ml (0,6 mmol) of a hexane solution of butyilithium (10 mol dm'
3 ) was added to triphenylgermane (0.19 g, 0.62 mmol) in ether (0.7 ml) was added dropwise, to which a solution of 9 (0.382 g; 0.'304 mmol) in ether (2.5 ml)-THF (3.5 ml) mixture in 5 mill. Stirring was continued for 4 hrs at room temperature. Saturated aqueous NH 4 C1 was added and the solvent was removed in vacuo. The residue was extracted with CHClj and evaporated. The residue was purified by means of column chromatography to give the starting material 9 (0.28 g. 74 % recovery). 100 mM aqueous alkali nitrate solution 3 ml (source phase) U l .0 mM solution of 7 in CHCl-, 7 ml (organic phase) (c) attempted preparation of Grignard reagent of 9: A mixture of Mg (0.2 g, 8.23 mmol) and THF (1.5 ml) was stirred for 20 hrs at 30°C under nitrogen. A THF (10 ml) solution of 9 (0.72 g, 0.574 mmol) was added dropwise with heating, and the mixture was refluxed for 1 hr and then stirred for 1 hr at room temperature. A THF solution of bromotriphenylgermane (0.441 g, 1.148 mmol) was added and refluxed for 4.5 hrs. THF (100 ml) and water (70 ml) was added and the unreacted magnesium was recovered (0.201 g). From the solution 7 was recovered. After chromatography the recovered 7 amounted to 0.63 g (87.5 %).' water 3 ml (receiving phase) u
